Abstract-A recent report based on the results of 2 epidemiological studies, the Etude Cas-Temoin de l'Infarctus Myocarde (ECTIM) and the Glasgow Heart Scan Study, revealed that a G/T polymorphism with an amino acid substitution (Lys3 Asn) at codon 198 in exon 5 of the endothelin-1 gene (ET-1) is associated with blood pressure in overweight people. They suggested that G/T polymorphism of ET-1 strongly interacted with body mass index (BMI) in the determination of BP levels. To examine interaction among G/T polymorphism of ET-1, BMI, and BP, we performed an association study in a general Japanese population. Subjects (nϭ1250) were recruited from Ohasama, a cohort in a rural community of northern Japan. DNA was extracted from buffy coat of participants, and G/T polymorphism of ET-1 was determined by the TaqMan probe polymerase chain reaction method, a powerful tool for semiautomatic genotype determination of a large number of samples. Frequency of T (Asn 198) allele in Japanese (27%) was slightly but significantly higher than in whites (24%). Baseline characteristics (age, BMI, systolic and diastolic BP, and antihypertensive treatment) of all subjects were not significantly different according to the genotype of G/T polymorphism. However, in obese subjects (Ն25 kg/m 2 ) diastolic BPs were significantly associated with G/T polymorphism of ET-1. After adjustment for confounding factors, significant association remained; for overweight subjects, diastolic BP level in those with T allele (GT ϩ TT) was 1.8 mm Hg (Pϭ0.04) higher than in those with GG genotype. That similar results were obtained from subjects of different races suggests that the Lys198Asn polymorphism of ET-1 is involved in determination of BP levels in obese subjects. Key Words: genetics Ⅲ hypertension, essential Ⅲ insulin resistance Ⅲ polymerase chain reaction Ⅲ polymorphism Ⅲ receptors, endothelin E ndothelin (ET) originally was isolated in 1988 from a supernatant of porcine aortic endothelial cell cultures and demonstrated strong vasoconstrictive peptide. 1 ET has 3 isoforms (ET-1, ET-2, and ET-3) translated from 3 independent genes 2 and is produced by endothelium and many tissues. 3 ET-1 plays a role in increasing BP, cell proliferation, and modulation of vasomotor tone; it also interacts with the pathophysiology of a variety of vascular diseases, such as hypertension, arteriosclerosis, and ischemic heart disease. Because ET-1 concentration in the blood is increased by standing and decreased by volume overload, it is considered to be modulated by body fluid volume through the renin-angiotensin-aldosterone system. 4 Because of its vasoconstrictive actions for vessels and hypertrophic actions for heart, ET-1 has been examined as an important risk for hypertension. [5] [6] [7] Plasma level of ET-1 was higher in patients with essential hypertension than in normotensive subjects 8 and paralleled the level of target organ damage. ET A receptor gene was overexpressed in arteries of hypertensive patients, 9 -10 which suggests that ET-1 contributes to the pathogenesis of hypertension by means of endothelial dysfunction or proliferation of vascular smooth muscle cell. An additional report that chronic treatment by use of an ET receptor antagonist for hypertensive patients reduced BP also provides supporting data for the correlation between ET-1 and hypertension. 11 Even with these supporting data, the causal relationship between ET-1 and hypertension has yet to be clarified.
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On the other hand, the full length of the human ET-1 gene (ET-1) was cloned and sequenced in 1989 2 and mapped on 6p24-p23. 12 The 2026-nucleotide mRNA of ET-1, excluding the poly(A) tail, is encoded in 5 exons distributed over 6836 bp. Kurihara et al 13 reported that mice heterozygous for a knockout of ET-1 showed lower levels of ET-1 than wildtype mice and developed elevated BP, which suggests that ET-1 was genetically involved in regulation of BP. A recent report by Tiret et al 14 indicated that a G/T polymorphism with an amino acid substitution (Lys3 Asn) at codon 198 in exon 5 of ET-1 was associated with BP in overweight European people in 2 epidemiological studies, the Etude Cas-Temoin de l'Infarctus Myocarde (ECTIM) Study and the Glasgow Heart Scan Study. To examine whether the G/T genetic variant of ET-1 is involved in hypertension or obesity in Japanese, we performed a large genetic epidemiological study in a Japanese general population.
Methods

Population
Ohasama Town is a rural community 100 km north of Sendai, the central city of northeastern Japan. The Ohasama Study began in 1987 in a cohort base, and its design was described precisely by Imai et al. 15 Study protocol was approved by the Institutional Review Board of the Tohoku University School of Medicine, and subjects (nϭ1250) who gave informed consent for genetic analysis were recruited for the present investigation. Briefly, subjects were of age Ն40 years and were residents of 3 of the 4 regions of Ohasama (nϭ2716). Informed consent to participate in our BP-measuring project was given by 1957 of 1989 eligible subjects. Casual BP was measured in 1808 of these subjects. Representativeness of the subjects was confirmed previously. 16 Of the representative 1808 subjects, 1250 (69%) gave informed consent for genetic analysis. No differences were seen in gender distribution or mean age between those who did and did not participate in the present genetic study, which suggests that selection bias was less likely in this study population.
Detailed medical histories and risk factors for cardiovascular disease were ascertained for each subject. BP was measured by nurses or technicians twice consecutively in seated subjects who had rested for Ն2 minutes. An automatic microphone-based BPmeasuring device (model USM700F, UEDA Electric Work Co Ltd) was used for measurements. The device for casual BP measurement had been calibrated previously 15 and met the criteria set by the Association for the Advancement of Medical Instrumentation. 17 An average of 2 measurements was used for the analysis.
Genotype Determination With TaqMan Polymerase Chain Reaction Method
To deal with 1250 samples, we introduced the TaqMan polymerase chain reaction (PCR) method. A fluorescent reporter dye, such as 6-carboxy-flourescein (FAM) and tetrachloro-6-carboxy-fluorescein (TET), was linked covalently to the 5Ј end of the nucleotide. For the present investigation, we prepared 2 probes: a G allele-specific probe, 5Ј-Fam-CTG AAA GGC AAG CCC TCC AGA G-Tamra-3Ј, and a T allele-specific probe, 5Ј-Tet-CTG AAA GGC AAT CCC TCC AGA G-Tamra-3Ј. Primer design for PCR in the franking region of G/T polymorphism in ET-1 was as follows: forward, 5Ј-AGG TCGGAGACCATG AGA AAC-3Ј; reverse, 5Ј-AAT GTG CTC GGT TGT GGG T-3Ј. PCR was performed with a thermal cycler (GeneAmp PCR System, ,model 9700; Applied Biosystems). Fluorescence level of PCR products was measured by use of ABI Prism model 7200 sequence detector (Applied Biosystems), which resulted in 3 genotypes of ET-1 to be identified clearly.
Statistical Analysis
Associations between genotype or allele of ET-1 and BP or variables were analyzed by use of 1-way ANOVA. Frequency of genotype or allele of ET-1 was compared by use of the contingency table, and significance of difference was examined by 2 analysis. To assess the contribution of confounding factors, we performed multiple logistic regression analysis by use of computer software application JMP 3.1.5 (SAS Institute Inc). PϽ0.05 was accepted as statistically significant.
Results
TaqMan PCR method clearly determined G/T nucleotide substitution of Lys198Asn ET-1 polymorphism. Genotype distribution of G/T polymorphism of ET-1 did not deviate significantly from the Hardy-Weinberg expectation and was similar between men and women. Frequency of the T allele was slightly but significantly higher in Japanese (27.1%) than whites (24.1%) 14 (Table 1) .
Each mean value of baseline characteristics, including age, gender, body mass index (BMI), smoking habit (percentage), prevalence of hyperlipidemia (percentage), diabetes (percentage), systolic and diastolic BP (SBP and DBP, respectively), and antihypertensive medication, was not significantly different among subjects with GG, GT, or TT genotype of ET-1 ( Table 2 ). In lean subjects (BMI Ͻ25 kg/m 2 ), ET-1 genotype was not associated significantly with SBP, DBP, or antihypertensive medication. In contrast, by dividing the subjects into 2 groups (GG and GTϩTT), significance was increased in DBP among obese subjects (BMI Ն25 kg/m 2 ; Pϭ0.03), which suggests that the T allele (Asn198) has dominant effect on the increase in BP (Table 3) . After adjustment for confounding factors (age, gender, and antihypertensive treatment), in overweight subjects, DBP level for those who carry the T allele (GTϩTT) was 1.8 mm Hg (Pϭ0.04) higher than for in those with GG genotype (Figure) . Moreover, a steeper increase in BP with BMI occurred in subjects with the T allele 
Discussion
Lys198Asn polymorphism of ET-1 significantly increased BP in obese subjects (BMIՆ25 kg/m 2 ) but not in normal to lean subjects (BMIϽ25 kg/m 2 ). Results from a Japanese general population were similar to those of Tiret et al. 14 Interaction of ET-1 genotype with BMI on BP also was observed in the Ohasama population but seemed mild. In the present study, a steeper increase in BP with BMI occurred in subjects with the T allele (DBPϭ0.66 BMIϩ60) than in those who were GG homozygous (DBPϭ0.49 BMIϩ63), but this increase was not great as reported by Tiret et al. 14 Moreover, direct association between BMI and ET-1 genotype was not observed (Table 2 ). These results suggest that ET-1 polymorphism itself or another genetic variant in linkage disequilibrium with it was involved in the pathogenesis of hypertension in obese subjects.
Although ET-1 is known to be a strong vasoconstrictive agent in vitro, any direct evidence that shows a causative effect of ET-1 for hypertension has been not been reported to date. Several reports suggest that an increase in ET-1 concentration is observed with progression of hypertension 8 and that high BP promotes an increase in ET-1, but these results are subject to debate.
In contrast, the high insulin concentration and the state of insulin resistance strongly correlated with overexpression of the ET-1 gene. 18, 19 According to the previous findings, we hypothesized that insulin resistance induced by obesity enhances expression of ET-1, which results in increased BP. 20 G/T polymorphism of ET-1 has been considered not to alter the function or structure of ET-1 protein, but the possibility should not be discarded that the polymorphism is in linkage disequilibrium with another functional mutation modulating the ET-1 expression. Our present understanding is that the effect of G/T polymorphism is mild in the lean state but enhanced in the obese state, which leads to the hypothesis that the effect on BP appeared only in subjects who had both obesity and T allele of ET-1. Furthermore, a recent report 21 revealed that ET-1 and ET-3 stimulate insulin release by isolated rat pancreatic islets. In addition, hyperinsulinemia upregulates ET receptors that contribute to elevated vasoconstrictor responses to ET-1 in the Zucker rat, a model of obesity and hypertension. 22 Identification of the mechanism of ET-1 regulation should play a key role in clarification of the correlation among ET-1, the ET A receptor, hyperinsulinemia, obesity, and hypertension.
Measurement of BP also plays an important role. In the present study, we applied only casual BP measurement for analysis. The next investigation should focus on the association between ET-1 polymorphism and 24-hour ambulatory BP monitoring, home BP measurement, or the white coat effect, to clarify the actual relationship between ET-1 polymorphism and hypertension or obesity. In addition, further investigation is required to clarify the direct interaction between insulin resistance and ET-1 genotype in obese subjects.
In conclusion, 2 large genetic epidemiological investigations revealed the importance of determination of Lys198Asn ET-1 polymorphism in risk estimation for hypertension among subjects with obesity. Diastolic BP and ET-1 genotype in obese subjects after adjustment for confounding factors (antihypertensive medication, age, and gender).
